. To characterize the wireless channels in vehicular communications,
Ⅰ. Introduction
. To characterize the wireless channels in vehicular communications, practical data are collected in various vehicular environments [2] . Throughput and frame error rate of IEEE 802.11a/b/g based system are investigated in [3] and IEEE 802.11p based prototype is introduced in [4] .
In the form of vehicle-to-vehicle (V2V) or vehicle-to-infrastructure (V2I) communications, vehicular communications provide numerous applications such as traffic information service, anti-collision warning, accident alarming, internet service, multimedia downloading, and etc, where the former is widely used for intelligent transport system (ITS)/Telematics services by adopting bidirectional communications, and the later is mainly used for safety services by using multi-hop communications. Among various applications, the most promising one is the public safety [5] . Vehicular communications and multi-chop communications have been studied in the existing literature with various approaches [6, 7, 8] .
To adopt multi-hop scheme in vehicular communications, the characteristics of multi-hop communication in vehicular networks are investigated in [9] . With location and delay information, a V2I multi-hop protocol for enhancing the performance of MAC and routing layers is introduced in [10, 11] , and the reliability analysis for broadcast service in vehicular networks is carried out in [12] . However, almost of existing work mainly deals with theoretical approaches and simulations.
Furthermore, a multi-hop protocol with IEEE 802.11p standard is not thoroughly investigated.
In this paper, we first briefly review the IEEE With the above mentioned system, we measured the performance of system using QPSK with 5.85GHz
center frequency where we consider various packet sizes and vehicle speeds for both V2I and V2V
communications. For detailed measurement setup and results, we refer the reader to [7] . The basic performance can be summarized as followings: 
VMP-UNICAST
VMP-UNICAST is used for transmitting the data where the geographical information of specific node is determined. The data flow of VMP-UNICAST is depicted in Fig. 3 . When the target node is the one-hop neighbor node, the source transmits the data to the target node directly by unicast. When the location of target nodes is undetermined, first the VMP-location request (VMP-LREQ) message is flooded to all networks by broadcast to detect the current location of the specific node. Notice that the information of neighbor nodes is already known to the source node by using "hello" message as the same as the case of broadcast. When VMP-location reply (VMP-LREP) is received, the location of target node is determined.
Then, the closest node between the neighbor node and the target node is regarded as the forwarder. Finally, the data is transmitted to the target node by the multi-hop unicast of forwarders.
IV. Experimental measurements
In this section, we represent experimental measurement results of VMP. The performance of VMP is measured with respect to packet delivery ratio, end-to-end delay, and throughput. Due to the long communication range, it is hard to establish the measuring environment for broadcast. Therefore, our measurement is carried out only using unicast. Then, the source node generates and transmits the data using Smart bit instrument Notice that although we use OBU for measurement, OBU can replace with RSE.
Measurement results (1) Packet delivery ratio
For packet delivery ratio, the length of 64 bytes and 1024 bytes frame is used with 16 QAM signal. For each length, 100000 frames are transmitted. End-to-end delay is measured using the same set up of packet delivery ratio with 100 packet transmissions. The Fig. 6 reveals that end-to-end delay increases abruptly in some situations. In these situations, PHY errors increase dramatically. Therefore, the decrement of end-to-end delay is also related contention of packets when the number of hops increases, and the effect of number of hops is more critical in delay than the packet delivery ratio. 
